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MULTI-MODAL MEDICAL THERAPY 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to co-pending US. patent appli 
cation Ser. No. 11/049,781 ?led Feb. 1, 2005, entitled “Indi 
rect Mechanical Medical Therapy System”. 

FIELD OF THE INVENTION 

The invention relates to the ?eld of medical therapy devices 
and more particularly to devices and algorithms for automati 
cally evaluating and providing indirect mechanical stimula 
tion in combination With electrical stimulation as therapy for 
tachycardia With improved patient comfort. 

BACKGROUND OF THE INVENTION 

A large number of people suffer from health conditions 
Which are either directly or indirectly related to their cardiac 
function. For example, hypertension refers to a chronic dis 
ease in Which the patient’s systemic blood pressure is 
elevated above that Which is considered a healthy level. As a 
chronic condition, hypertension can contribute to a Wide vari 
ety of Well-knoWn health ailments. Accordingly, therapy for a 
knoWn hypertension condition is typically prescribed to ame 
liorate the hypertension condition and related effects. 
Depending on the severity of the hypertension as Well as the 
patient’s individual condition, typical therapies can include 
diet modi?cation, an exercise regimen, and/or a medication 
regimen. 

Another category of cardiac related health ailments include 
cardiac arrhythmias. A number of medications are knoWn 
Which can help restore, at least partially, more normal sinus 
rhythm for certain patients. Another knoWn category of 
therapy for cardiac arrhythmias includes implantable cardiac 
stimulation devices, such as pacemakers and/or implantable 
cardiover‘ter-de?brillators (ICDs). Implantable cardiac 
stimulation devices automatically monitor the ongoing car 
diac activity of the patient and selectively provide direct 
electrical stimulation to the cardiac tissue When indicated in 
an attempt to restore the patient’s intrinsic rhythm to a sinus 
rhythm or alternatively to substitute for the patient’ s intrinsic 
rhythm and assume control of the heart’s activity for at least 
some period of time, such as in pacing. 
One particular health ailment that frequently can be effec 

tively treated With an implantable cardiac stimulation device 
is paroxysmal atrial ?brillation (AP). AP is a condition of 
rapid, chaotic atrial contractions that results in much less 
effective atrial pumping and reduced overall cardiac e?i 
ciency. Paroxysmal refers to sudden periodic recurrence or 
Worsening of the AP. AP is not generally life-threatening, 
hoWever occurrences of AF frequently contribute to further 
ongoing episodes of AP. AP is also knoWn to increase the risk 
of thromboembolism and has been associated With heart fail 
ure (HF). 
An implantable cardiac stimulation device can be provided 

and programmed to deliver atrial overdrive pacing as therapy 
for paroxysmal AP. The device is typically programmed to 
provide atrial pacing stimulation at a rate generally 5-20 
pulses per minute (ppm) greater than an intrinsic rate. This 
atrial overdrive suppresses recurrence of AF episodes. A 
draWback to this therapy hoWever is that the arti?cially 
elevated heart rate induced by the atrial overdrive pacing is 
irritating to some patients and can disrupt restful sleep. 
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2 
One possible alternative to providing therapy While avoid 

ing the physiologic drawbacks of overdrive pacing Would be 
to provide some manner of indirect therapy or stimulation, 
such as provided by the body’ s natural feedback mechanisms. 
For example, providing stimulation to the vagus and/ or sym 
pathetic nerves has been considered as a possible avenue for 
therapy delivery. HoWever, it has as yet proven impractical to 
access these nerves and to realiZe effective placement of leads 
on them to provide stimulation on a long-term basis. 

Thus, it Will be understood that there is an ongoing need for 
providing interventional therapy in a manner Which reduces 
the negative consequences or side effects of knoWn therapies. 
There is also a desire for therapy Which is relatively inexpen 
sive and simple to implement and also for therapy Which more 
closely emulates natural physiological feedback and 
response. 

SUMMARY 

Certain embodiments described herein are at least partially 
based on the idea that a patient’s heart rate is naturally 
adjusted to match the hydrodynamic impedance characteris 
tics of their arterial system, and that their heart rate is natu 
rally maintained at a frequency so as to utiliZe these charac 
teristics for increased ef?ciency and reduced energy 
expenditure. As the hydraulic or hydrodynamic impedance of 
the arterial system can be subject to both short term and long 
term variations, such as by change in the cross-sectional area 
of a vessel, the elasticity of the arterial Wall, the thickness 
thereof, etc., embodiments of the invention employ the 
approach of simulating a change in the hydrodynamic imped 
ance characteristics of the arterial system so as to provide a 
stimulation to drive the heart rate in a desired manner. 

In certain implementations, mechanical perturbations are 
generated and conducted to patient tissue in a synchroniZed 
manner to arti?cially and indirectly steer a pre-treatment 
intrinsic heart rate to a desired post-treatment intrinsic rate. 
The mechanical perturbations are provided for at least a 
selected interval to alloW the patient’ s metabolism to become 
accommodated to the neW intrinsic rate. With a neW, loWer 
intrinsic rate, a second mode of therapy, in one implementa 
tion electrical pacing stimulation, can be provided to “over 
drive” on top of the neW, loWer intrinsic rate at an actual or 
effective rate that can be equal or less than the pre-treatment 
intrinsic rate. The patient can thus receive multiple modes of 
therapy, including overdrive pacing, Which Will inhibit cer 
tain arrhythmic conditions but Without having an actual heart 
rate that is elevated above the pre-treatment intrinsic rate. The 
patient receives the bene?ts of overdrive pacing With reduced 
discomfort from an elevated heart rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of one embodiment of a 
mechanical medical therapy device; 

FIG. 2 is a partial cut-aWay perspective vieW of an embodi 
ment of a mechanical medical therapy device; 

FIG. 3 is a detail of one embodiment of a mechanical 
displacement system; 

FIG. 4 is a further detail of one embodiment of a displace 

ment mechanism; 
FIG. 5 illustrates an embodiment of operation of the dis 

placement mechanism of FIG. 4; 
FIG. 6 is a schematic representation of a portion of one 

embodiment of mechanical stimulation device; 
FIG. 7 is a simpli?ed diagram illustrating one embodiment 

of a mechanical medical therapy device combined With an 
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implantable stimulation device in electrical communication 
With at least three leads implanted into a patient’s heart for 
delivering multi-chamber stimulation and shock therapy as 
Well as mechanical therapy; 

FIG. 8 is a functional block diagram of the multi-chamber 
implantable stimulation device aspects of the embodiment of 
FIG. 7 illustrating the basic elements of a stimulation device 
Which can provide cardioversion, de?brillation and pacing 
stimulation in four chambers of the heart; 

FIG. 9 is a How chart of one embodiment of determining 
and delivering therapy directed generally to hypertension; 

FIG. 10 is a How chart of a further embodiment of deter 
mining and delivering therapy directed generally to hyperten 
s1on; 

FIG. 11 is a How chart of one embodiment of determining 
and delivering therapy directed generally to hypertension as 
Well as cardiac arrhythmia; 

FIG. 12 is a How chart of a further embodiment of the 
embodiment illustrated by FIG. 11; 

FIG. 13 is a How chart of another embodiment of combined 
mechanical and electrical stimulation therapy; 

FIG. 14 is a ?oWchart of yet another embodiment of pro 
viding mechanical and electrical stimulation therapy in com 
bination; and 

FIG. 15 is an exemplary graph of a patient’ s heart rate When 
provided therapy according to certain embodiments of the 
invention. 

DETAILED DESCRIPTION 

Reference Will noW be made to the draWings Wherein like 
numerals refer to like parts throughout. The following 
description includes the best mode presently contemplated 
for practicing the invention. This description is not to be taken 
in a limiting sense but is made merely for the purpose of 
describing the general principles of the invention. The scope 
of the invention should be ascertained With reference to the 
issued claims. In the description that folloWs, like numerals or 
reference designators Will be used to refer to like parts or 
elements throughout. 

Certain embodiments described herein are based on theo 
ries and clinical observations of a hydrodynamic link betWeen 
cardiac activity and the characteristics of the arterial system. 
It has been theoriZed and clinical observations support the 
idea that the circulatory system can be at least partially mod 
eled by a pressure source (the heart) and a lumped parameter 
hydraulic impedance, including the arterial system. Pressure 
Waves emanating from the heart, such as upon the ejection of 
blood upon a contraction, have a Wave velocity that can be 
considered matched to a certain degree With a natural Wave 
velocity of the arterial system. A resonance condition Where 
the cardiac frequency (heart rate) substantially matches the 
natural frequency of the arterial system can lead to enhanced 
ef?ciency of the circulatory transport system. In this reso 
nance model, it is believed that the cardiac output Waves can 
interact With re?ected Waves in the arterial system in a con 
structive interference manner so as to increase coronary per 
fusion. This can lead to an increase in overall circulatory 
system ef?ciency and a corresponding reduction in cardiac 
output energy With improved blood ?oW throughout the body 
at reduced blood pressure. 

FIG. 1 is a perspective vieW of an embodiment of a 
mechanical stimulation device 400 suitable for providing 
medical therapy. In some embodiments, the mechanical 
stimulation device 400 is partially or Wholly implantable and 
in other embodiments is con?gured to be placed and secured 
in a close proximity to the patient’s tissues so as to provide 
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4 
mechanical stimulation thereto. In certain embodiments, the 
device 400 is adapted to provide mechanical stimulations or 
vibrations to mimic changes in the hydrodynamic impedance 
to drive the heart rate higher or loWer Without requiring direct 
electrical stimulation. These embodiments Will be described 
in greater detail folloWing a more detailed description of 
certain embodiments of components and structure of the 
device 400. 

In one embodiment, the device 400 comprises a substan 
tially rigid housing portion 402 as Well as a displaceable 
housing portion 404. The displaceable housing portion 404 is 
con?gured such that the device 400 can automatically spa 
tially displace the displaceable housing portion 404 so as to 
conduct mechanical vibrations to the patient’s tissue. In this 
embodiment, the displaceable housing portion 404 comprises 
a region of ?exible biocompatible material, hoWever, in other 
embodiments the displaceable housing portion comprises 
articulated or j ointed portions Which can move With respect to 
the rigid housing portion 402. 

FIG. 2 illustrates in greater detail in a partial cut aWay 
perspective vieW one embodiment of internal components of 
the mechanical stimulation device 400 con?gured to selec 
tively provide mechanical therapeutic stimulations. In this 
embodiment, the device 400 comprises a hybrid electronics 
assembly 406 Which is interconnected to the rigid housing 
portion 402 via a hybrid support 410. The hybrid electronics 
assembly 406 determines the timing and control signals for 
providing mechanical stimulation via the device 400. 
The device 400 also comprises a motor 412 Which provides 

rotary motion, preferably in a manner Which requires rela 
tively loW poWer consumption as Well as in a manner With 
relatively loW levels of electromagnetic interference. A bat 
tery 414 is provided Which, in this embodiment, provides 
electrical operating poWer both to the hybrid electronics 
assembly 406 as Well as to the motor 412. 
The rotary output of the motor 412 is conveyed to a dis 

placement mechanism 420, in one embodiment via a gear box 
or drive mechanism 416. The displacement mechanism 420 is 
interconnected to the displaceable housing portion 404 such 
that the displacement mechanism 420 can selectively induce 
the displaceable housing portion 404 to oscillate or vibrate so 
as to provide mechanical stimulation to patient tissue via 
contact With the displaceable housing portion 404. In various 
embodiments, the displacement mechanism 420 can com 
prise an eccentric or cam pro?le, a mechanical linkage 
arrangement, a hydraulic or pneumatic drive cylinder, and/or 
a linear actuator, such as an electrical solenoid. 

In embodiments including the drive mechanism 416, the 
drive mechanism 416 can provide gear-up/gear-doWn func 
tionality so as to provide different rotational velocities 
betWeen the motor 412 and the displacement mechanism 420. 
In various embodiments, the drive mechanism 416 can 
include direct mechanical coupling, such as via bevel, 
hypoid, Worm and/or spur gears/gear trains and in other 
embodiments the drive mechanism can be an indirect 
mechanical coupling, such as via pulleys and belt and/or 
chain and sprockets. In other embodiments, the motor 412 is 
directly connected to the displacement mechanism 420. 

FIGS. 3, 4, and 5 illustrate in further detail one particular 
embodiment of a displacement mechanism 420. In this 
embodiment, the displacement mechanism 420 comprises a 
drive shaft 422 having one or more, in this embodiment 2, 
offset crankpins 424. The offset crank pin(s) 424 are arranged 
With respect to the drive shaft 422 such that rotation of the 
drive shaft 422 about a major axis thereof Will induce the 
offset crank pin(s) 424 to revolve in a generally circular 
manner. A ?rst end of corresponding one or more links 426 is 
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connected to the crank pins 424 With an opposite second end 
of the corresponding links 426 interconnected to a connector 
430 Which is secured to a portion of the displaceable housing 
portion 404. 

Thus, as can be seen most clearly in FIG. 5, rotation of the 
drive shaft 422, in this embodiment provided by the rotary 
motion of the motor 412 as conducted by the drive mecha 
nism 416, induces the crank pin 424 to rotate about a gener 
ally circular path and, as the crank pin 424 is interconnected 
to the link 426 and thus to the connector 430 and displaceable 
housing portion 404, rotation of the drive shaft 422 induces 
the corresponding link 426, connector 430 and attached por 
tion of the displaceable housing portion 404 to reciprocate or 
cyclically oscillate about a neutral position 432. 

Thus, the displaceable housing portion 404 is cyclically 
displaced a distanceYc from this neutral position 432 thereby 
providing oscillating vibrations or pressure Waves to patient 
tissue in adjacency With the device 400. In this particular 
embodiment, the device 400 provides these vibrations or 
spatial displacements on opposed sides via opposing dis 
placeable housing portions 404a and 4041) however in other 
embodiments the mechanical stimulation may be provided at 
a single side or location of the device 400 Without detracting 
from the scope of the invention. 

Following is provided a more detailed description With 
reference to FIG. 6 of one particular embodiment of a 
mechanical medical stimulation device 400. It Will be under 
stood that this is one particular exemplary embodiment and 
that variations in the dimensions, frequencies, materials, etc. 
may be appropriate selected for a particular application by 
one of ordinary skill in the art. 

Problem A: It is desired to apply approximately 100 pas 
cals at a frequency of approximately 90 beats or cycles per 
minute (bpm). The poWer required is determined as folloWs: 

Assumptions: 
Device is modeled as a circular plate With ?xed edges 

Use maximum elastic modulus for titanium (120 GPa) 
Force is applied at center of plate 
Neglect mass of plate 
Schematic+Given Data: 

(FIG. 6) 
P001905 m (0.75 in) 
t:0000254 m (0.010 in) 
A:000114 m2 (1.767 in2) 
!p:4510 kg/m3 (0.163 lb/in3) 
E:120 GPa (17.4><106 psi) 
V:0.34 

Pr:100 Pa (0.0145 psi) 
f:1.5 HZ (90 bpm) 
00:2J'cf:9.42 rad/S 

Terms: 

riradius Di?exural rigidity 
tithickness fifrequency 
Aiarea (niangular frequency 
p4density of titanium Poipower 
E4elastic modulus Fiforce 

cen ter ViPoisson’s ratio 
Pipressure 
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6 
Flexural Rigidity Calculation: 

D _ E13 

_ 12(1 - v2) 

_ (120 G Pa)(.000254 m)3 

_ 12(1 - 0.342) 

D = 0.185 Nrn(1.640 10f in) 

Analysis 
De?ection @ center of plate With 100 Pa applied. 

(100 Pa)(0.00114 m2)(0.0l905 m)2 
167r(0.0185 Nrn) 

y center : 

y center : 

ymm = 4.450 prn(0.l75 mil) 

PoWer 

P0 = (0.114 N)(4.45 011119.42 rad /S) 

Consumption Example 1 

Battery, Lithium Iodine, (WGL 9438) 1120052 
Capacity: 950 mAh 
Output: 2.8 Vdc Energy Available: 2.600 Wh 

Life of Device: 

EnergyA vailable 2.6 Wh 

Design Analysis for Flex Can DraWings 
Problem B: The device is to be de?ected approximately 

0.010" at center at a rate of approximately 90 bpm. 

Find: The force and poWer required are determined as 
folloWs. 

Assumptions: 
same as ProblemA 

Schematic and Given Data: 

same as ProblemA 

Analysis: 
Force @ center of plate With 0.010" of de?ection. 

F : l67rDycenter 

F _ 167r(0.185 Nrn)(0.000254 m) 

_ (0.01905 m)2 

F = 6.5 N(l.47 10f) 

y center : 
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Power 

P: f'ymm-w 

P = (6.50 N)(0.000254 m)(9.42 rad/S) 

P = 0.01555 W 

Consumption Example 2 

Lithium Iodine Battery 
Energy Available: 2.660 Wh 

Energy 2.66 Wh 
Llfe‘ Power _ 0.015555 W 

= 171 h(7.ldays) 

Thus as described above, in one embodiment, the device 
400 includes mechanical stimulation components that can 
provide vibrations of approximately 100 pascals in pressure 
at approximately 90 bpm corresponding to a net poWer of 
approximately 4.8 uW. Assuming 100% energy conversion 
e?iciency, this poWer could be provided by a standard lithium 
iodine battery in the device 400 for over 63 years, neglecting 
other poWer draWs. Thus the device 400 can provide therapy 
continuously for extended periods of time for treatment of 
chronic conditions. 

In another embodiment, much higher pressure vibrations, 
such as at approximately 5700 pascals, can be provided for 
shorter periods, in this embodiment slightly over 7 days, 
again assuming 100% energy conversion e?iciency and 
neglecting other poWer draWs. The relatively loWer pressure 
vibrations can provide effective therapy for extended periods 
of time, While signi?cantly higher pressure vibrations can be 
provided for briefer periods When indicated, for example 
When it is desired to more rapidly adjust the patient’s heart 
rate/blood pressure. 

As previously described, the device 400 can provide thera 
peutic mechanical vibrations for a variety of patient condi 
tions, including cardiac arrhythmias, hoWever the electrical 
stimulation capability is not required in all embodiments. 
Thus, in various embodiments, the device 400 can be con?g 
ured solely to provide the mechanical therapy described 
herein as Well as the mechanical therapy in combination With 
electrical stimulation, such as pacing and/or cardioversion/ 
de?brillation. Depending on the particular application, 
embodiments can provide a more simpli?ed mechanical 
therapy device 400 lacking the electrical stimulation capabil 
ity While providing a simpler, less expensive device 400, for 
example for treatment of chronic hypertension conditions, as 
Well as other embodiments offering more comprehensive 
therapy options. 

Further description Will noW be provided of embodiments 
of a device 400 providing both mechanical stimulation 
therapy as Well as electrical stimulation therapy as indicated. 
HoWever, it Will be understood that one of ordinary skill could 
readily construct other embodiments of the device 400 having 
a subset of the components and functionality of this embodi 
ment, such as for a device 400 lacking the electrical stimula 
tion capability. Thus, in one embodiment, as shoWn in FIG. 7, 
a medical therapy device 400 comprising an implantable car 
diac stimulation device is in electrical communication With a 
patient’s heart 12 by Way of three leads, 20, 24 and 30, 
suitable for delivering multi-chamber stimulation and shock 
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8 
therapy. To sense atrial cardiac signals and to provide right 
atrial chamber stimulation therapy, the therapy device 400 is 
coupled to an implantable right atrial lead 20 having at least 
an atrial tip electrode 22, Which typically is implanted in the 
patient’s right atrial appendage. 

To sense left atrial and ventricular cardiac signals and to 
provide left chamber pacing therapy, the therapy device 400 is 
coupled to a “coronary sinus” lead 24 designed for placement 
in the “coronary sinus region” via the coronary sinus ostium 
(OS) for positioning a distal electrode adjacent to the left 
ventricle and/or additional electrode(s) adjacent to the left 
atrium. As used herein, the phrase “coronary sinus region” 
refers to the vasculature of the left ventricle, including any 
portion of the coronary sinus, great cardiac vein, left marginal 
vein, left posterior ventricular vein, middle cardiac vein, and/ 
or small cardiac vein or any other cardiac vein accessible by 
the coronary sinus. 

Accordingly, an exemplary coronary sinus lead 24 is 
designed to receive atrial and ventricular cardiac signals and 
to deliver left ventricular pacing therapy using at least a left 
ventricular tip electrode 26, left atrial pacing therapy using at 
least a left atrial ring electrode 27, and shocking therapy using 
at least a left atrial coil electrode 28. 

The therapy device 400 is also shoWn in electrical commu 
nication With the patient’s heart 12 by Way of an implantable 
right ventricular lead 30 having, in this embodiment, a right 
ventricular tip electrode 32, a right ventricular ring electrode 
34, a right ventricular (RV) coil electrode 36, and a superior 
vena cava (SVC) coil electrode 38. Typically, the right ven 
tricular lead 30 is transvenously inserted into the heart 12 so 
as to place the right ventricular tip electrode 32 in the right 
ventricular apex so that the RV coil electrode Will be posi 
tioned in the right ventricle and the SVC coil electrode 38 Will 
be positioned in the superior vena cava. Accordingly, the right 
ventricular lead 30 is capable of receiving cardiac signals, and 
delivering stimulation in the form of pacing and shock 
therapy to the right ventricle. 
As illustrated in FIG. 8, a simpli?ed block diagram is 

shoWn of the device 400, Which is capable of treating both fast 
and sloW arrhythmias With multi-chamber stimulation 
therapy, including cardioversion, de?brillation, and pacing 
stimulation. While a particular multi-chamber device is 
shoWn, this is for illustration purposes only, and one of skill in 
the art could readily duplicate, eliminate or disable the appro 
priate circuitry in any desired combination to provide a device 
capable of treating the appropriate chamber(s) With cardio 
version, de?brillation and pacing stimulation. 
The housing 40 for the therapy device 400, shoWn sche 

matically in FIG. 8, is often referred to as the “can”, “case” or 
“case electrode” and may be programmably selected to act as 
the return electrode for all “unipolar” modes. The housing 40 
may further be used as a return electrode alone or in combi 
nation With one or more of the coil electrodes, 28, 36 and 38, 
for shocking purposes. The housing 40 further includes a 
connector (not shoWn) having a plurality of terminals, 42, 44, 
46, 48, 52, 54, 56, and 58 (shoWn schematically and, for 
convenience, the names of the electrodes to Which they are 
connected are shoWn next to the terminals). As such, to 
achieve right atrial sensing and pacing, the connector 
includes at least a right atrial tip terminal (AR TIP) 42 adapted 
for connection to the atrial tip electrode 22. 

To achieve left chamber sensing, pacing and shocking, the 
connector includes at least a left ventricular tip terminal (V L 
TIP) 44, a left atrial ring terminal (AL RING) 46, and a left 
atrial shocking terminal (AL COIL) 48, Which are adapted for 














